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IMAGE CAPTURING SYSTEM, IMAGE
CAPTURING METHOD, AND RECORDING
MEDIUM

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority from a Japanese
Patent Applications No. 2007-290102 filed on Nov. 7, 2007

and No. 2008-271344 filed on Oct. 21, 2008, the contents of
which are imcorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to an 1mage capturing system,
an 1mage capturing method, and a program. In particular, the
present invention relates to an 1image capturing system and an
image capturing method for capturing an 1mage, and to a
program used by the 1image capturing system.

2. Related Art

An endoscope apparatus 1s known that creates a fluorescent
observation 1image using (1) an 1mage signal ol a subject
captured by an 1mage capturing means when a light source
irradiates the subject with 1llumination light and (11) an image
signal of a subject captured by an 1image capturing means
when a light source irradiates the subject with excitation light,
as disclosed 1n Japanese Patent Application Publication No.
2003-79568. A known electronic endoscope includes a plu-
rality of light recetving elements arranged in a matrix on a
single semiconductor substrate, and 1s provided with a solid
image capturing element on a tip thereof that can obtain
visible light 1image information and fluorescent light image
information, as disclosed in Japanese Patent Application Pub-
lication No. 2004-329583.

The endoscope apparatus describe above has 1image cap-
turing elements that recerve light 1n a narrow band arranged
separately from 1mage capturing elements thatrecerve light in
a broad band. The electronic endoscope described above has
light receving elements that receive visible light provided
separately from light receiving elements that receirve phos-
phorescent light. Therefore, neither the endoscope apparatus
nor the electronic endoscope can obtain a visible light image
and a phosphorescent light image with high resolution.

SUMMARY

Therefore, 1t 1s an object of an aspect of the innovations
herein to provide an 1mage capturing system, an 1image cap-
turing method, and a recording medium, which are capable of
overcoming the above drawbacks accompanying the related
art. The above and other objects can be achieved by combi-
nations described 1n the independent claims. The dependent
claims define further advantageous and exemplary combina-
tions of the mnovations herein.

According to a first aspect related to the innovations herein,
one exemplary image capturing system may include an image
capturing section that includes a plurality of first light receiv-
ing elements that receive light in a specified wavelength
region and light 1n a first wavelength region, which 1s different
from the specified wavelength region, and a plurality of sec-
ond light receiving elements that recerve light 1n the specified
wavelength region and light 1n a second wavelength region,
which 1s different from the specified wavelength region; and
a control section that controls a spectrum of the light recerved
by the plurality of first light recerving elements and the plu-
rality of second light receiving elements. The control section,
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2

at a first timing, causes the plurality of first light receiving
clements to receive light 1n a wavelength region including the
first wavelength region from a subject and causes the plurality
of second light recerving elements to recerve light 1n a wave-
length region including the second wavelength region from
the subject and, at a second timing, causes the plurality of first
light receiving elements and the plurality of second light
receiving elements to receive light in a wavelength region
including the specified wavelength region from the subject.

According to a second aspect related to the mnovations
herein, one exemplary image capturing method may include
capturing an image with a plurality of first light receiving
clements that receive light 1n a specified wavelength region
and light 1n a first wavelength region, which 1s different from
the specified wavelength region, and with a plurality of sec-
ond light receitving elements that recerve light 1in the specified
wavelength region and light 1n a second wavelength region,
which 1s different from the specified wavelength region; and
controlling a spectrum of the light received by the plurality of
first light recerving elements and the plurality of second light
receiving elements. The controlling involves, at a first timing,
causing the plurality of first light recerving elements to
receive light 1n a wavelength region including the first wave-
length region from a subject and causing the plurality of
second light recerving elements to receive light 1n a wave-
length region including the second wavelength region from
the subject and, at a second timing, causing the plurality of
first light recerving elements and the plurality of second light
receiving elements to receive light in a wavelength region
including the specified wavelength region from the subject.

According to a third aspect related to the mnovations
herein, one exemplary recording medium may include a com-
puter readable medium storing thereon a program for use by
an 1mage capturing system, the program causing the image
capturing system to function as an 1mage capturing section
that captures an 1image using a plurality of first light recetving,
clements that recerve light 1n a specified wavelength region
and light 1n a first wavelength region, which 1s different from
the specified wavelength region, and a plurality of second
light receiving elements that receive light in the specified
wavelength region and light 1n a second wavelength region,
which 1s different from the specified wavelength region; and
a control section that controls a spectrum of the light recerved
by the plurality of first light recerving elements and the plu-
rality of second light receiving elements and, at a first timing,
causes the plurality of first light recerving elements to receive
light 1n a wavelength region including the first wavelength
region irom a subject and causes the plurality of second light
receiving elements to receive light in a wavelength region
including the second wavelength region from the subject and,
at a second timing, causes the plurality of first light receiving
clements and the plurality of second light receiving elements
to receive light 1n a wavelength region including the specified
wavelength region from the subject.

The summary clause does not necessarily describe all nec-
essary features of the embodiments of the present invention.
The present invention may also be a sub-combination of the
teatures described above. The above and other features and
advantages of the present invention will become more appar-
ent from the following description of the embodiments taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary configuration of an image
capturing system 10 according to the present embodiment,
along with a subject 20.
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FIG. 2 shows an exemplary configuration of the image
capturing section 110.

FI1G. 3 shows exemplary spectral sensitivity characteristics
of the first light recerving element 251, the second light
receiving element 252, and the third light recerving element
253.

FI1G. 4 shows an exemplary configuration of the light 1rra-
diating section 150.

FIG. 5 shows an exemplary configuration of the light
source filter section 420.

FIG. 6 shows the timing of the image capturing by the
image capturing section 110 and exemplary images generated
by the 1mage generating section 140.

FIG. 7 shows a block configuration of the image generating,
section 140.

FI1G. 8 shows the generation of a subject image in which the
movement 1s corrected.

FIG. 9 shows an exemplary spectrum of the light irradiat-
ing the subject.

FIG. 10 shows an exemplary hardware configuration of a
computer 1500 functioming as the image capturing system 10.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, some embodiments of the present invention
will be described. The embodiments do not limit the invention
according to the claims, and all the combinations of the fea-
tures described 1n the embodiments are not necessarily essen-
tial to means provided by aspects of the invention.

FIG. 1 shows an exemplary configuration of an image
capturing system 10 according to the present embodiment,
along with a subject 20. The 1mage capturing system 10 1s
provided with an endoscope 100, an 1image generating section
140, an output section 180, a control section 105, a light
irradiating section 150, and an ICG 1njecting section 190. In
FIG. 1, the section “A” 1s an enlarged view of the tip 102 of the
endoscope 100.

The ICG mjecting section 190 injects indocyanine green
(ICG), which 1s a luminescent substance, into the subject 20,
which 1s an example of the image capturing target. The ICG 1s
an example of the luminescent substance in the present
embodiment, but the luminescent substance may 1nstead be a
different fluorescent substance.

The ICG 1s excited by intra-red rays with a wavelength of
750 nm, for example, to emit broad spectrum fluorescence
centered at 810 nm. If the subject 20 1s a living organism, the
ICG 1njecting section 190 injects the ICG into the blood
vessels of the organism through intravenous injection. The
image capturing system 10 captures images of the blood
vessels 1n the organism from the luminescent light of the ICG.
This luminescent light 1s an example of a specified wave-
length region, and includes tluorescent light and phosphores-
cent light. The luminescent light, which 1s an example of the
light from the 1mage capturing target, includes chemical
luminescence, frictional luminescence, and thermal lumines-
cence, 1n addition to the luminescence from the excitation
light or the like.

The ICG 1injecting section 190 1s controlled by the control
section 103, for example, to 1nject the subject 20 with ICG
such that the ICG density 1n the organism 1s held substantially
constant. The subject 20 may be a living organism such as a
person, and serves as the image capturing target for the image
being processed by the image capturing system 10. Objects
such as blood vessels exist inside the subject 20.

The endoscope 100 includes an 1mage capturing section
110, a light guide 120, and a clamp port 130. The tip 102 of the
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endoscope 100 includes an objective lens 112, which 1s a
portion of the image capturing section 110, an 1rradiation
aperture 124, which 1s a portion of the light guide 120, and a
nozzle 138.

A clamp 135 1s 1nserted into the clamp port 130, and the
clamp port 130 guides the clamp 135 to the tip 102. The tip of
the clamp 135 may be any shape. Instead of the clamp, various
types of mnstruments for treating the organism can be mserted
into the clamp port 130. The nozzle 138 ejects water or arr.

The light 1irradiating section 150 generates the light to be
radiated from the tip 102 of the endoscope 100. The light
generated by the light 1rradiating section 150 includes 1irra-
diation light that irradiates the subject 20 and excitation light,
such as infra-red light, that 1s 1n a wavelength region that
excites the luminescent substance inside the subject 20 such
that the luminescent substance emits light 1n a specified wave-
length region. The 1rradiation light may include a red com-
ponent, a green component, and a blue component.

The light guide 120 may be formed of optical fiber. The
light guide 120 guides the light emitted by the light 1rradiating
section 150 to the tip 102 of the endoscope 100. The light
guide 120 can have the 1irradiation aperture 124 provided 1n
the tip 102. The light emitted by the light 1rradiating section
150 passes though an irradiation aperture 124 to irradiate the
subject 20.

The image capturing section 110 recerves at least one of the
light generated by the luminescent substance and the light
resulting from the irradiation light being reflected by the
object. The 1image generating section 140 generates an image
by processing the received-light data acquired from the image
capturing section 110. The output section 180 outputs the
image generated by the image generating section 140.

The control section 105 includes an image capturing con-
trol section 160 and a light emission control section 170. The
image capturing control section 160 controls the 1image cap-
turing performed by the 1mage capturing section 110. The
light emission control section 170 controls the light 1irradiat-
ing section 150 based on the control received from the image
capturing control section 160. For example, 1 the image
capturing section 110 performs image capturing by alter-
nately using infra-red light, red component light, green com-
ponent light, and blue component light, the light emission
control section 170 controls the light irradiating the subject
20 from the light 1rradiating section 150 such that the timing
of the 1irradiation with each component of the light 1s synchro-
nized with the timing of the image capturing.

FIG. 2 shows an exemplary configuration of the image
capturing section 110. The image capturing section 110
includes the objective lens 112, an 1image capturing device
210, a spectral filter section 220, and a received excitation
light cut filter 230. The image capturing device 210 includes
a plurality of first light receiving elements 251 including a
first light recerving element 251q, a plurality of second light
receiving elements 252 including a second light receiving
clement 252q and a second light recerving element 2525, and
a plurality of third light receiving elements 253 1ncluding a
third light receiving element 253a.

The following describes the function and operation of the
configurational elements 1n the image capturing section 110.
For the sake of simplicity, the following description refers to
a single first light receiving element 251, a single second light
receiving element 252, and a single third light recerving ele-
ment 253, Furthermore, the plurality of first light recerving
clements 251, second light recerving elements 252, and third
light receiving element 253 may be referred to simply as “the
light receiving elements.”
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The first light receiving element 251, the second light
receiving element 252, and the third light receiving element
253 recerve light from the subject via the objective lens 112.
More specifically, the first light recerving element 251
receives light 1n a specified wavelength region and light 1n a
first wavelength region, which 1s different from the specified
wavelength region. The second light recerving element 2352
receives light 1n the specified wavelength region and light in
a second wavelength region, which 1s different from the
specified wavelength region. The third light recerving ele-
ment 253 recerves light 1n the specified wavelength region
and light 1n a third wavelength region, which 1s different from
the specified wavelength region.

The first wavelength region, the second wavelength region,
and the third wavelength region are each different wavelength
regions that do not overlap with each other. The first light
receiving element 251, the second light receiving element
252, and the third light recerving element 253 are arranged
2-dimensionally 1n a prescribed pattern.

The spectral filter section 220 includes a plurality of filter
clements that each allow one of the light 1n the first wave-
length region, the light 1n the second wavelength region, and
the light in the third wavelength region to pass through, and
cut light 1n any other wavelength region. The filter elements
are arranged 2-dimensionally to correspond respectively to
the first light receiving element 251, the second light receiv-
ing element 252, and the third light recerving element 253.
Each light recerving element receives the light that passes
through the corresponding filter element. In this way, the first
light recerving element 251, the second light recerving ele-
ment 252, and the third light receiving element 253 each
receive light in a different wavelength region.

The 1mage generating section 140 determines the pixel
value for a single pixel based on at least the amount of light
received by the first light recerving element 251a, the second
light receiving element 2524, the second light recerving ele-
ment 2526, and the third light recerving element 253a. In
other words, the first light receiving element 251 q, the second
light receiving element 2524, the second light recerving ele-
ment 2525b, and the third light receiving element 253a are
arranged 2-dimensionally to form a single pixel element
arrangement, and a plurality of pixel elements are formed by
2-dimensionally arranging a plurality of such groups of light
receiving elements forming a single pixel element arrange-
ment. The light receiving elements are not limited to the
arrangement shown in FIG. 2, and may instead be arranged 1n
a variety of different arrangements.

FI1G. 3 shows exemplary spectral sensitivity characteristics
of the first light recerving element 251, the second light
receiving element 252, and the third light recerving element
253. The line 330, the line 310, and the line 320 represent the
spectral sensitivity distributions of the first light receiving
clement 251, the second light recerving element 252, and the
third light receiving element 253, respectively. For example,
the first light receiving element 251 1s sensitive to light having,
a wavelength around 650 nm, and the other light receiving
clements are not substantially sensitive to this light. The
second light receiving element 252 1s sensitive to light having
a wavelength around 4350 nm, and the other light receiving
clements are not substantially sensitive to this light. The third
light receiving element 253 is sensitive to light having a
wavelength around 5350 nm, and the other light recerving
clements are not substantially sensitive to this light.

In this way, the first light receiving element 251, the second
light receiving element 252, and the thuird light receiving
clement 253 receive the red component, the green compo-
nent, and the blue component of light, respectively. The first
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6

light receiving element 251, the second light receiving ele-
ment 252, and the third light receiving element 253 may be
image capturing elements such as CCDs, CMOSs, or the like.
The spectral sensitivity characteristics of the first light receiv-
ing element 251, the second light receiving element 252, and
the third light recerving element 253, as represented by the
line 330, the line 310, and the line 320, are obtained by a
combination of the spectral transmission factors of the filter
clements 1n the spectral filter section 220 and the spectral
sensitivity of the image capturing elements themselves.

FIG. 4 shows an exemplary configuration of the light 1rra-
diating section 150. The light irradiating section 150 includes
a light emitting section 410 and a light source filter section
420. The light emitting section 410 emits light 1n a wave-
length region that includes the wavelength region of the exci-
tation light, the first wavelength region, the second wave-
length region, and the third wavelength region. The light
emitting section 410 of the present embodiment may be a
xenon lamp.

FIG. § shows an exemplary configuration of the light
source filter section 420 as seen from the direction 1n which
the light 1s guided from the light emitting section 410. The
light source filter section 420 includes an 1rradiation light cut
filter section 520 and an excitation light cut filter section 510.
The light emission control section 170 rotates the light source
filter section 420 1n a plane substantially perpendicular to the
direction i which the light emitted by the light emitting,
section 410 travels, with the central axis of the light source
filter section 420 serving as the center of rotation.

The excitation light cut filter section 510 cuts the light 1n
the wavelength region of the excitation light, and allows light
in the first wavelength region, light in the second wavelength
region, and light in the third wavelength region to pass
through. The irradiation light cut filter section 520 allows
light 1n the wavelength region of the excitation hght to pass
through, but cuts light in the first wavelength region, light in
the second wavelength region, and light 1n the third wave-
length region. The light from the light emitting section 410 1s
guided to a position shifted from the central axis of the light
source filter section 420.

Accordingly, when the light from the light emitting section
410 1s guided to the excitation light cut filter section 510, the
excitation light cut filter section 510 cuts the light in the
wavelength region of the excitation light and allows the light
in the first wavelength region, the light 1n the second wave-
length region, and the light 1n the third wavelength region to
pass through. Therefore, at this time, the subject 1s irradiated
with the light 1n the first wavelength region, the light in the
second wavelength region, and the light 1n the third wave-
length region.

On the other hand, when the light from the light emitting
section 410 1s guided to the 1rradiation light cut filter section
520, the light 1n the wavelength region of the excitation light
1s allowed pass through the 1rradiation light cut filter section
520, but the light 1n the first wavelength region, the light in the
second wavelength region, and the light in the third wave-
length region are cut. Therelfore, at this time, the subject 1s
irradiated with the excitation light.

The image capturing section 110 1s controlled by the image
capturing control section 160 to receive the visible light
reflected by the subject 20 while the visible light 1s being
emitted, where the visible light 1s the light 1n the first wave-
length region, the light 1n the second wavelength region, and
the light 1n the third wavelength region. The image generating
section 140 generates the visible light image based on the
amount of light recerved by the image capturing section 110.
Furthermore, the image capturing section 110 1s controlled by
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the 1image capturing control section 160 to receive the lumi-
nescent light emitted by the ICG 1nside the subject while the
excitation light 1s being emitted. The image generating sec-
tion 140 generates the luminescent light 1image based on the
amount of luminescent light recerved by the image capturing
section 110.

The excitation light cut filter section 510 has substantially
double the surface area of the irradiation light cut filter section
520. Accordingly, 11 the light source filter section 420 rotates
at a constant speed and the time spent receiving light for one
visible light image 1s equal to the time spent receiving light
for one luminescent light image, the visible light image can be
captured at double the frame rate of the luminescent light
1mage.

FIG. 6 shows the timing of the image capturing by the
image capturing section 110 and exemplary images generated
by the 1image generating section 140. The image capturing
control section 160 causes the image capturing section 110 to
capture 1mages at times t600, t601, 1602, t603, ctc. The light
emission control section 170 1s controlled by the image cap-
turing control section 160 to irradiate the subject with the
light emitted by the light emitting section 410 through the
excitation light cut filter section 3510, at first tlmmgs that
include t600, t601, and t603. In this way, the light emission
control section 170 irradiates the subject with light 1n a wave-
length region including the first wavelength region, the sec-
ond wavelength region, and the third wavelength region at the
first timings.

Atthe first timings, the image capturing control section 160
irradiates the subject with light in a wavelength region includ-
ing the first wavelength region, the second wavelength region,
and the third wavelength region. The image capturing control
section 160 separates the light reflected from the object such
that the first light recelvmg clement 251 receives the light in
the first wavelength region, the second light receving ele-
ment 252 recerves the light in the second wavelength region,
and the third light recerving element 253 receives the light 1n
the third wavelength region. In this way, the image capturing,
control section 160 performs timing control that causes the
first light receiving element 251 to receive the light 1n the first
wavelength region, causes the second light receiving element
252 to receive the light 1n the second wavelength region, and
causes the third light receiving element 233 to receive the
light 1 the third wavelength region, at the first timings.

At second timings, which include t602, the image captur-
ing control section 160 controls the timing of the light emis-
s1on control section 170 to irradiate the subject with the light
emitted by the light emitting section 410 through the 1rradia-
tion light cut filter section 520. In this way, the light emission
control section 170 1rradiates the subject with the excitation
light, but not with light in a wavelength region including the
first wavelength region, the second wavelength region, and
the third wavelength region at the second timings.

The 1mage capturing control section 160 causes the first
light receiving element 251, the second light receiving ele-
ment 252, and the third light recerving element 253 to receive
light 1n the specified wavelength region emitted from the
subject at the second timings. In this way, the image capturing
control section 160 causes the first light recerving element
251, the second light recerving element 252, and the third
light recerving element 253 to recerve the light 1n the specified
wavelength region from the subject at the second timings.

In this way, the control section 1035 wrradiates the subject
with the excitation light at the second timings, and causes the
first light recerving element 251 and the second light receiv-
ing element 252 to receive the light 1n the specified wave-
length region emitted by the subject. The wavelength region
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of the excitation light 1s different from the first wavelength
region, the second wavelength region, and the third wave-
length region, and has a wavelength region that does not
overlap with the first wavelength region, the second wave-
length region, or the third wavelength region.

As described above, the control section 105 controls the
wavelength region of the light recerved by the first light
receiving element 251, the second light receiving element
252, and the third light receiving element 253. The image
generating section 140 generates the image of the subject
based on the amount of light recerved by the light recerving
clements at the plurality of timings.

The image generating section 140 generates a visible light
image 620a, a visible light 1mage 6205, and a visible light
image 6204 based on the amount of light received by the light
receiving elements at the first timings represented by 1600,
t601, and 1603, respectively. The visible light image 620a
includes a blood vessel image 6224 and a blood vessel image
624a, the visible light image 6206 includes a blood vessel
image 6225 and a blood vessel image 62456, and the visible
light image 6204 includes a blood vessel 1mage 6224 and a
blood vessel image 624d. The visible light image 620a, the
visible light image 6205, and the visible light image 6204
include surface images showing a physical surface 1n addition
to the blood vessel images.

The image generating section 140 generates a luminescent
light image 620c¢, which includes a blood vessel image 622c,
a blood vessel 1image 624c¢, and a blood vessel 1image 626c¢,
based on the light recerved by the light receiving elements at
the second timings, represented by t602. As described above,
the 1image capturing system 10 can capture the luminescent
light image 620c¢ based on the luminescent light 1n the infra-
red spectrum emitted by the subject 20 1n response to the
excitation light in the infra-red spectrum.

Excitation light having a wavelength longer than visible
light 1s more diflicult to absorb than visible light, and there-
fore such excitation light penetrates more deeply, e.g. to a
depth of approximately 1 cm, to cause the luminescent light to
be emitted by the subject 20. Since the luminescent light has
a longer wavelength than the excitation light, it 1s relatively
casy for the luminescent light to reach the physical surface.
Therefore, the 1image capturing system 10 can achieve the
luminescent light image 620¢ that includes the blood vessel
image 626d deep 1n the subject, which 1s not included in the
visible light images 620qa, 6205, and 620d.

The output section 180 may generate a composite 1mage
obtained by combining the luminescent light image 620c¢ with
the visible light image 6205 or the visible light image 6204
that are captured at timings near the timing at which the
luminescent light image 620c¢ 1s captured. The output section
180 then outputs this composite 1mage. The output section
180 may store the luminescent light image 620¢ 1n associa-
tion with the visible light image 6205 or the visible light
image 620d.

Since the image capturing section 110 does not include an
inira-red cut filter 1n the image capturing system 10 described
above, the first light receiving element 251, the second light
receiving element 252, and the third light receiving element
253 can each receive the luminescent light. Accordingly, the
image capturing system 10 can capture the luminescent light
image 620¢ that includes a high resolution blood vessel
1mage.

The control section 105 cuts light 1n the wavelength region
of the excitation light and light 1n the wavelength region of the
luminescent light out of the light from the light emitting
section 410 at the timings at which the visible light images are
captured. In this way, the image capturing system 10 can
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provide an 1mage ol the physical surface for observation,
without including the blood vessel images 1nside the subject
in the visible light image.

FI1G. 7 shows a block configuration of the image generating,
section 140. FI1G. 6 1s used to describe an exemplary process
ol generating a composite 1mage by combining the visible
light image 6206 or the visible light image 6204 with the
luminescent light image 620c¢. For ease of explanation, the
movement of the tip 102 of the endoscope 100, the movement
of the subject 20, and the like do not cause a substantial
change over time in the image. In this process, the visible light
image and the luminescent light image 620c might be skewed
due to movement of the tip 102 of the endoscope 100, move-
ment of the subject 20, or the like.

The intensity of the luminescent light might be very small
in comparison to the 111ten51ty of the visible light from the
subject In such a case, the image signal from each light
receiving element might have a lower S/N ratio than the
image signal resulting from the visible light.

FIG. 7 1s used to describe a configuration, operation, and
function of the image generating section 140 for correcting
the effect the movement mentioned above on the visible light
image. FI1G. 7 1s also used to describe a configuration, opera-
tion, and function of the 1mage generating section 140 for
decreasing the drop in the S/N ratio described above. The
image generating section 140 includes a movement identity-
ing section 710, a subject image generating section 720, a
signal adding section 740, and a specified wavelength region
image generating section 750.

The following describes a process performed by the image
generating section 140 to decrease the drop 1n the S/N ratio.
The signal adding section 740 performs a pixel adding pro-
cess that adds together the 1mage signals from among a {irst
light recerving element 251, a second light receiving element
252, and a third light receiving element 253 that are near each
other. Here, the 1mage signal 1s obtained by converting a
charge amount corresponding to the amount of light recerved
by each light receiving element into the image signal. For
example, this 1image signal may obtained by AD converting
the charge amount described above. This pixel adding process
can amplily the signal components. On the other hand, the
amount by which the pixel adding process amplifies the ran-
dom noise 1s small 1n comparison to the amount by which the
signal components are amplified. Therefore, the S/N ration
can be increased by the pixel adding process.

In this way, the signal adding section 740 adds together a
pixel signal from at least one of the plurality of first light
receiving elements 251 and a pixel signal from at least one of
the plurality of second light receiving elements 252. The
specified wavelength region 1mage generating section 750
generates an image 1n the specified wavelength region at the
second timings based on the image signal resulting from the
addition of the above image signals. In this way, image signals
caused by the luminescent light from the first light receiving
clement 251, the second light recerving element 252, and the
third light receiving element 253 can be obtained at the sec-
ond timings. Therefore, the drop 1n resolution of the image 1s
very small when the pixel adding process 1s applied to
increase the S/N ratio.

Instead of the image generating section 140 performing the
pixel adding process, the 1image capturing section 110 may
perform a pixel mixing process that adds together the charge
amounts generated by the light received by the first light
receiving element 251, the second light receiving element
252, and the third light recerving element 253. In this case, the
specified wavelength region 1image generating section 750
may generate an image resulting from the luminescent light,
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based on the image signal obtained by AD converting the
image signal after the pixel adding process.

The following describes the function and operation of the
image generating section 140 for correcting the effect of
movement or the like on the visible light image. The move-
ment identifying section 710 1dentifies movement of an object
in an 1mage, based on visible light 1mages at a plurality of
timings. Here, the movement of an object refers to any move-
ment that causes a change over time in the 1mage, such as
movement of the subject 20, movement of the tip 102 of the
endoscope 100, or a change over time of the zoom of the
image capturing section 110. The movement of the tip 102 of
the endoscope 100 includes a change over time of the position
of the tip 102 causing the position of the image captured by
the 1mage capturing section 110 to change over time, and a
change over time of the orientation of the tip 102 that causes
the direction in which the image capturing section 110 cap-
tures the 1image to change over time.

The movement identifying section 710 1dentifies the move-
ment of an object based on the visible light image at the times
t600 and t601. For example, the movement 1dentifying sec-
tion 710 1dentifies the movement of the object by matching
the objects extracted from a plurality of visible light images.

The subject 1mage generating section 720 corrects the
image signal at the time t601 based on the 1dentified move-
ment, and generates the 1mage signal that 1s expected for the
time t602. In this way, the subject image generating section
720 can generate the subject image at time t602.

FIG. 8 shows the generation of a subject image in which the
movement 1s corrected. The visible light image 820q 1s the
image generated by the image signals from the first light
receiving element 251, the second light receiving element
252, and the third light recerving element 233 at the time 1600.
The visible light image 8205 1s the 1image generated by the
image signals from the first light recerving element 231, the
second light recerving element 252, and the third light recerv-
ing element 253 at the time t601.

Here, the movement 1dentifying section 710 identifies the
movement based on the content of the visible light 1image
820a and the visible light image 8205. More specifically, the
movement 1dentifying section 710 extracts objects from the
visible light image 820« and the visible light image 8205 that
show the same subject. In the present embodiment, the move-
ment 1dentifying section 710 extracts the objects 850a and
8506 from the visible light image 820a and the visible light
image 82056, respectively.

The movement 1dentifying section 710 calculates the dif-
ference 1n position between the object 850a and the object
850b. In FIG. 8, for ease of explanation, the position differ-
ence exists 1n the y-direction of the image so that the move-
ment 1dentitying section 710 calculates a positional differ-
ence Ay indicating the positional difference between the
object 850q and the object 85056. The subject image generat-
ing section 720 generates the visible light image 830¢, which
1s an example ol the subject image in the present invention, by
shifting the 1mage 8215 in the y-direction by an amount
corresponding to the calculated positional difference Ay.

The above describes an example 1n which the movement 1s
identified using the visible light image 820, but the movement
can be 1dentified 1n the same manner using the 1images of any
other component. The decision concerming which image’s
wavelength the movement 1dentifying section 710 uses to
identify the movement can be decided based on the contrast of
the captured image. For example, the movement identifying
section 710 can prioritize the use of the image having the
highest contrast for identifying the movement. If an object
with a minute structure 1s used as the object for 1dentifying the
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movement, 1.€. 1t 1s clear that the object has a very fine surface
structure, using the 1image of the B signal might enable more
accurate movement identification. If an object with an uneven
structure 1s used for identifying the movement, 1.e. 1t 1s clear
that the object has a bumpy surface structure, using the image
of the G signal might enable more accurate movement 1den-
tification.

The subject image generating section 720 may change the
movement correction amount for each image region 1n the
visible light image. For example, 11 the image capturing direc-
tion of the image capturing section 110 1s perpendicular to the
surface of the subject and the tip 102 of the endoscope 100
moves horizontally 1n relation to the surface of the subject, the
movement amount of the object 1s the same 1n every 1image
region. On the other hand, 1f the image capturing direction of
the 1mage capturing section 110 1s not perpendicular to the
surface of the subject, for example, the movement amount 1n
image regions captured at positions further from the tip 102
might be smaller than the movement amount in 1mage regions
captured at positions closer to the tip 102.

In order to calculate the movement correction amount for
cach 1mage region in the visible light image, the subject
image generating section 720 can calculate the movement
correction amount based on the position of an 1mage region
and a positional relationship between the surface of the sub-
ject and the 1mage capturing section 110, 1f this positional
relationship 1s known 1n advance or can be estimated. The
subject 1mage generating section 720 may calculate the
movement correction amount for the visible light image
based on a control value that manipulates the endoscope 100
to cause a change over time in the 1mage. The control value
may be a value that controls the position or orientation of the
tip 102, a value that controls the zoom of the 1mage capturing,
section 110, or the like.

As another example, the movement identiiying section 710
may calculate the movement of the object 1n each image
region. The subject image generating section 720 may calcu-
late the movement correction amount for each image region
in the 1mage based on the movement of an object 1n each
1mage region.

When 1dentifying the movement 1n each image region, the
movement i1dentifying section 710 may determine which
wavelength 1mage 1s used to 1dentily the movement 1n each
image region. For example, the movement identifying section
710 calculates the contrast of each image region i1n each
image. The movement identifying section 710 may then give
priority to selecting the image of the wavelength for which the
highest contrast was calculated and uses this 1image for the
corresponding 1mage region. The movement identifying sec-
tion 710 uses the plurality of selected images to 1dentity the
movement of the objects.

The above example uses the visible light image 820a and
the visible light image 8205 to 1dentily the movement, but the
movement identifying section 710 may instead identily the
movement using the visible light image 82056 and the visible
light image obtained at the time t603. In this way, the move-
ment 1dentifying section 710 may i1dentily the movement
based on the 1mages obtained at a plurality of timings before
and after the time t601, which 1s the timing at which the
visible light image in which the movement 1s corrected 1s
generated. IT 1t 1s acceptable for the display of the visible light
image to be somewhat delayed, the movement 1dentifying
section 710 can more accurately i1dentily the movement by
also using images at later timings. The movement identifying
section 710 may identily the movement using visible light
images, or images of each color component, captured at three
Or more timings.
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As described 1n relation to FIGS. 7 and 8, the movement
identifving section 710 1dentifies the movement of an object
between 1mages at a plurality of timings based on a plurality
of images caused by light received by the first light receiving
clement 251 or the second light recerving element 252 at a
plurality of first timings. The subject image generating sec-
tion 720 generates the subject 1image at the second timing
resulting from light 1n a wavelength region including the first
wavelength region and light 1n a wavelength region including
the second wavelength region, based on light in the first
wavelength region recetved by the first light recerving ele-
ment 251 at the first timing, light in the second wavelength
region received by the second light recerving element 252 at
the first timing, and the 1dentified movement.

FIG. 9 shows an exemplary spectrum of the light 1rradiat-
ing the subject. The line 1010 represents the spectrum of
substantially white light, which 1rradiates the subject at the
first timings 1600, t601, and 1603, as described in FIG. 6.

The line 1020 represents the spectrum of the light irradiat-
ing the subject at the second timing t601 described 1n FIG. 6.
As shown by this spectrum, the 1irradiation light may have a
substantial spectral intensity in the wavelength region of vis-
ible light at the second timing. The spectrum of the 1rradiation
light at the first timings and the spectrum of the 1rradiation
light at the second timing are different 1n the specified wave-
length region, which 1s the wavelength region of the excita-
tion light. As shown 1n FIG. 10, the light irradiating section
150 may radiate light that 1n which a ratio of the spectral
intensity of the specified wavelength region to the spectral
intensity of the first wavelength region changes such that this
ratio 1s larger at the second timing than at the first timings.
More specifically, the light irradiating section 150 radiates
light at the first timings 1n which the spectral intensity of the
first wavelength region 1s greater than the spectral intensity of
the specified wavelength region, and radiates light at the
second timing 1n which the spectral intensity of the specified
wavelength region 1s greater than the spectral intensity of the
first wavelength region. The above description showed a ratio
between the spectral imtensity 1n the first wavelength region
and the spectral intensity 1n the specified wavelength region,
but the spectral intensity in the first wavelength region may be
replaces with the spectral intensity in the second wavelength
region or in the third wavelength region.

FIGS. 4 and 5 describe an embodiment in which the 1rra-
diation light cut filter section 520 cuts the light 1n the first
wavelength region, but the irradiation light cut filter section
520 need not completely cut the light in the wavelength region
of visible light. Even 11 the light having a spectral intensity 1n
the wavelength region of visible light 1s radiated at the second
timing, an 1mage of the specified wavelength region can be
obtained at the second timing as long as the 1rradiation light
has a spectral intensity in the specified wavelength region
suificient for achieving a clear luminescence 1mage.

As described 1n relation to FIG. 9, the control section 105
controls the spectrum of the light recerved by the first light
receiving element 251 and the second light receiving element
252. More specifically, at the first timings, the control section
105 causes the first light receiving element 251 to receive
light 1n a wavelength region that includes the first wavelength
region reflected by the subject, and causes the second light
receiving element 252 to recerve the light 1n a wavelength
region including the second wavelength region from the sub-
ject. At the second timing, the control section 105 causes the
first light recerving element 251 and the second light receiv-
ing element 252 to recerve light in a wavelength region that
includes the specified wavelength region from the subject.
Here, the light in the wavelength region that includes the first
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wavelength region from the subject may be light that includes
mainly light in the first wavelength region. The light 1n the
wavelength region that includes the second wavelength
region from the subject may be light that includes mainly light
in the second wavelength region. The light 1n the wavelength
region that includes the specified wavelength region may be
light that includes mainly light in the specified wavelength
region.

FIGS. 4 and 5 are used to describe an operation of the light
irradiating section 150 that involves controlling the spectrum
of the irradiation light from the light emitting section 410 over
time by rotating the light source filter section 420. As another
example, the light irradiating section 150 need not include the
light source filter section 420. More specifically, the light
emitting section 410 may include a plurality of light emitting
clements that each emit light 1n a different spectrum. In this
case, the control section 105 may control the light 1rradiating
the subject at the first timings and the second timing by
controlling the spectral intensity of each light emitting ele-
ment.

For example, the light emitting section 410 may include a
light emitting element that emits light in the red wavelength
region, a light emitting element that emits light 1n the blue
wavelength region, a light emitting element that emaits light in
the green wavelength region, and a light emitting element that
emits light in the excitation light wavelength region. Semi-
conductor elements such as LEDs may be used as the light
emitting elements that emit visible light. A semiconductor
clement such as a semiconductor laser may be used as the
light emitting element that emits the excitation light. The light
emitting elements may 1nstead be fluorescent bodies that emat
luminescent light such as fluorescence when excited.

The control section 105 can control the spectrum of the
light irradiating the subject by controlling the emission inten-
sity of each light emitting element at each timing. Here,
“controlling the emission intensity of each light emitting
clement” involves changing the combination of light emitting
clements that emit light at each timing. Each light emitting
clement may include a light emitting body and a filter that
allows selected light 1n a specified wavelength region to pass
through. Any type of light emitting elements can be used as
the plurality of light emitting elements that each emit light in
a different spectrum, as long as the light that has been emitted
from the light emitting body and has passed through the filter
results 1n light in different spectrums.

The light emitting elements may be provided on the tip 102
of the endoscope 100. The light emitting elements may emat
light 1n response to electric excitation, or may emit light 1n
response to optical excitation. If the light irradiating section
150 includes light emitting elements emait light in response to
optical excitation, the light irradiating section 150 also
includes an exciting section that emits light for exciting the
light emitting elements. These light emitting elements may
emit light 1n different spectrums according to the wavelength
of the light used for excitation. In this case, the control section
105 can control the spectrum of the irradiation light by con-
trolling the wavelength of the light used for excitation emitted
by the light emitting section at each timing. As another
example, the spectrum of the light emitted by each light
emitting element in response to the light used for excitation
may be different for each light emitting element. As yet
another example, light used for excitation that has passed
through the light emitting elements may serve as the irradia-
tion light for irradiating the subject.

By applying the image capturing system 10 described
above to an actual system, when a doctor or the like performs
surgery while watching the video displayed by the output
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section 180, the doctor can observe internal blood vessels that
cannot be seen at the surface. Furthermore, the image captur-
ing system 10 described above enables the doctor to perform
surgery while seeing the internal blood vessels of the subject.

FIG. 10 shows an exemplary hardware configuration of a
computer 1500 functioning as the image capturing system 10.
The 1mage capturing system 10 according to the present
embodiment 1s provided with a CPU peripheral section that
includes a CPU 1505, a RAM 1520, a graphic controller
1575, and a display apparatus 1580 connected to each other
by a host controller 1582; an input/output section that
includes a communication intertace 1530, a hard disk drive
1540, and a CD-ROM drive 1560, all of which are connected
to the host controller 1582 by an input/output controller 1584;
and a legacy input/output section that includes a ROM 1510,
a flexible disk drive 1550, and an 1nput/output chup 1570, all
of which are connected to the mput/output controller 1584.

The host controller 1582 1s connected to the RAM 1520
and 1s also connected to the CPU 1505 and graphic controller
1575 accessing the RAM 1520 at a high transfer rate. The
CPU 1505 operates to control each section based on programs
stored 1n the ROM 1510 and the RAM 1520. The graphic
controller 1575 acquires 1image data generated by the CPU
1505 or the like on a frame bufier disposed inside the RAM
1520 and displays the image data in the display apparatus
1580. In addition, the graphic controller 1575 may internally
include the frame butifer storing the 1mage data generated by
the CPU 1505 or the like.

The mput/output controller 1584 connects the hard disk
drive 1540, the communication interface 1530 serving as a
relatively high speed input/output apparatus, and the CD-
ROM drive 1560 to the host controller 1582. The communi-
cation imterface 1530 commumnicates with other apparatuses
via the network. The hard disk drive 1540 stores the programs
used by the CPU 1505 1n the image capturing system 10. The
CD-ROM drive 1560 reads the programs and data from a
CD-ROM 15935 and provides the read information to the hard
disk drive 1540 via the RAM 1520.

Furthermore, the input/output controller 1584 1s connected
to the ROM 1510, and 1s also connected to the flexible disk
drive 1550 and the mput/output chip 1570 serving as a rela-
tively high speed input/output apparatus. The ROM 1510
stores a boot program performed when the 1mage capturing
system 10 starts up, a program relying on the hardware of the
image capturing system 10, and the like. The flexible disk
drive 1550 reads programs or data from a flexible disk 1590
and supplies the read information to the hard disk drive 1540
and via the RAM 1520. The mput/output chip 1570 connects
the tlexible disk drive 1550 to each of the input/output appa-
ratuses via, for example, a parallel port, a serial port, a key-
board port, a mouse port, or the like.

The programs provided to the hard disk 1540 via the RAM
1520 are stored on a recording medium such as the flexible
disk 1590, the CD-ROM 1595, or an IC card and are provided
by the user. The programs are read from the recording
medium, stalled on the hard disk drive 1540 1n the 1mage
capturing system 10 via the RAM 1520, and are performed by
the CPU 1503. The programs installed 1n the image capturing
system 10 and executed by the image capturing system 10
aifect the CPU 1505 to cause the image capturing system 10
to function as the image capturing section 110, the image
generating section 140, the output section 180, the control
section 103, the light irradiating section 1350, and the like
described in relation to FIGS. 1 to 9.

While the embodiments of the present invention have been
described, the technical scope of the imnvention 1s not limited
to the above described embodiments. It 1s apparent to persons
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skilled 1n the art that various alterations and improvements
can be added to the above-described embodiments. It 1s also
apparent from the scope of the claims that the embodiments
added with such alterations or improvements can be included
in the technical scope of the invention.

What 1s claimed 1s:
1. An 1mage capturing system, comprising:
an 1mage capturing section that includes a plurality of first
light recerving elements that receive light 1n a specified
wavelength region and light in a first wavelength region,
which 1s different from the specified wavelength region,
and a plurality of second light receiving elements that
receive light 1n the specified wavelength region and light
in a second wavelength region, which 1s different from
the specified wavelength region; and
a control section that controls a spectrum of the light
received by the plurality of first light recerving elements
and the plurality of second light receiving elements,
wherein
the control section, at a first timing, causes the plurality of
first light recerving elements to receive light in a wave-
length region including the first wavelength region from
a subject and causes the plurality of second light recerv-
ing elements to recerve light 1n a wavelength region
including the second wavelength region from the subject
and, at a second timing, causes the plurality of first light
receiving elements and the plurality of second light
receiving elements to receive light in a wavelength
region including the specified wavelength region from
the subject.
2. The mmage capturing system according to claim 1,
wherein
the control section, at the first timing, causes the plurality
of first light recetving elements to receive light in the first
wavelength region from the subject and causes the plu-
rality of second light receiving elements to receive light
in the second wavelength region from the subject and, at
the second timing, causes the plurality of first light
receiving elements and the plurality of second light
receiving elements to recerve light 1n the specified wave-
length region from the subject.
3. The image capturing system according to claim 2,
wherein
the control section, at the second timing, causes the plural-
ity of first light recerving elements and the plurality of
second light receiving elements to receive light in the
specified wavelength region emitted by the subject.
4. The mmage capturing system according to claim 3,
wherein
the control section, at the second timing, irradiates the
subject with excitation light and causes the plurality of
first light receiving elements and the plurality of second
light receiving elements to recerve light 1n the specified
wavelength region emitted by the subject, and
the excitation light 1s light in a wavelength region that
excites a luminescent substance 1nside the subject such
that the luminescent substance emits light 1n the speci-
fied wavelength region.
5. The 1mage capturing system according to claim 4,
wherein
the control section, at the first timing, causes the plurality
of first light receiving elements to receive light 1n the first
wavelength region reflected by the subject and causes
the plurality of second light recerving elements to
receive light 1n the second wavelength region reflected
by the subject.
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6. The 1mmage capturing system according to claim 5,
wherein

the control section, at the first timing, irradiates the subject
with light 1n a wavelength region including the first
wavelength region and the second wavelength region,
causes the plurality of first light receiving elements to
receive light 1n the first wavelength region reflected by
the subject, and causes the plurality of second light
receiving elements to receive light 1 the second wave-
length region reflected by the subject.

7. The mmage capturing system according to claim 6,

wherein

the control section, at the second timing, irradiates the
subject with the excitation light but not with light 1n a
wavelength region including the first wavelength region
and the second wavelength region, and causes the plu-
rality of first light recerving elements and the plurality of
second light receving elements to receive light in the
specified wavelength region emitted by the subject.

8. The 1mage capturing system according to claim 4, fur-
ther comprising a plurality of light emitting elements that
cach emait light 1n a different spectrum, wherein

the control section controls 1rradiation of the subject with
light at the first timing and the second timing by control-
ling emission intensity of each of the plurality of light
emitting elements.

9. The 1mage capturing system according to claim 7, fur-

ther comprising;:

a light emitting section that emits light 1n a wavelength
region including the wavelength region of the excitation
light, the first wavelength region, and the second wave-
length region; and

an 1rradiation light cut filter section that allows light 1n the
wavelength region of the excitation light to pass, but cuts
light in the first wavelength region and light 1n the sec-
ond wavelength region, wherein

the control section includes a light emission control section
that 1rradiates the subject at the second timing with light
emitted by the light emitting section through the 1rradia-
tion light cut filter section.

10. The image capturing system according to claim 9,
further comprising an excitation light cut filter section that
allows light 1n the first wavelength region and light 1n the
second wavelength region to pass, but cuts light 1n the wave-
length region of the excitation light, wherein

the light emission control section irradiates the subject at
the first timing with light emitted by the light emitting
section through the excitation light cut filter section.

11. The image capturing system according to claim 1,
turther comprising:

a signal adding section that adds together (1) a pixel signal
from at least one of the plurality of first light receiving
clements and (11) a pixel signal from at least one of the
plurality of second light recerving elements; and

a specified wavelength region 1image generating section
that generates a specified wavelength region image at the
second timing based on the added pixel signals.

12. The image capturing system according to claim 1,

further comprising:

a movement 1dentifying section that identifies movement
of an object between 1images obtained at a plurality of
first ttimings, based on a plurality of images resulting
from lightrecerved by the plurality of first light receiving
clements or the plurality of second light receiving ele-
ments at the plurality of first timings; and

a subject image generating section that generates a subject
image at the second timing resulting from light in a
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wavelength region including the first wavelength region
and light 1n a wavelength region including the second
wavelength region, based on light 1n the first wavelength
region received by the plurality of first light receiving
clements at the plurality of first timings, light in the
second wavelength region received by the plurality of
second light recerving elements at the plurality of first
timings, and the movement of the object.

5
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controlling a spectrum of the light recerved by the plurality

of first light receiving elements and the plurality of sec-
ond light recerving elements, wherein

the controlling involves, at a first timing, causing the plu-

rality of first light receiving elements to recerve light in
a wavelength region including the first wavelength
region from a subject and causing the plurality of second
light recerving elements to receive light in a wavelength
region including the second wavelength region from the

13. The mmage capturing system according to claim 1,

‘ 10 subject and, at a second timing, causing the plurality of
wherein

first light recerving elements and the plurality of second
light recerving elements to receive light in a wavelength
region including the specified wavelength region from
the subject.

15. A computer readable medium storing thereon a pro-
gram for use by an image capturing system, the program
causing the image capturing system to function as:

an 1image capturing section that captures an image using a

plurality of first light receiving elements that receive

20 light 1n a specified wavelength region and light in a first

wavelength region, which is different from the specified

wavelength region, and a plurality of second light

receiving elements that receirve light 1n the specified

wavelength region and light 1n a second wavelength

region, which 1s different from the specified wavelength
region; and

a control section that controls a spectrum of the light

the 1mage capturing section further includes a plurality of
third light receiving elements that receive light in the
specified wavelength region and light 1n a third wave-
length region, which 1s different from the specified 15
wavelength region, and

the control section, at the first timing, causes the plurality
of first light receiving elements, the plurality of second
light recerving elements, and the plurality of third light
receiving elements to respectively receive light m a
wavelength region including the first wavelength region
from the subject, light in a wavelength region including
the second wavelength region from the subject, and light
in a wavelength region mcluding the third wavelength .
region from the subject and, at the second timing, causes
the plurality of first light receiving elements, the plural-

ity of second light recerving elements, and the plurality
of third light recerving elements to receive light 1 a

received by the plurality of first light receiving elements
and the plurality of second light receiving elements and,

wavelength region including the specified wavelength 30 at a first timing, causes the plurality of first light receiv-
region from the object. ing clements to recerve light 1n a wavelength region
14. An image capturing method, comprising: including the first wavelength region from a subject and
. . . . . . causes the plurality of second light receiving elements to

capturing an 1mage with a plurality of first light receiving, L 1 . .
L. . . receive light 1n a wavelength region including the second

clements that receive light in a specified wavelength ﬂ . .

35 wavelength region from the subject and, at a second

region and light 1n a first wavelength region, which 1s
different from the specified wavelength region, and with
a plurality of second light receiving elements that
receive light in the specified wavelength region and light
in a second wavelength region, which 1s different from
the specified wavelength region; and

timing, causes the plurality of first light receiving ele-
ments and the plurality of second light receiving ele-
ments to receive light in a wavelength region including
the specified wavelength region from the subject.
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